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Van der Poel ,  Washington I . ,  M .S . ,  March 1979, Geology
A Reconnaissance of the Late Tert ia ry  and Quaternary Geology, 
Geomorphology and Contemporary Surface Hydrology of the 
Rattlesnake Creek Watershed, Missoula County, Montana (85 pp.)
Director: Robert R. Curry
This study integrates information on the s u r f ic ia l  geology, bedrock 
geology, geomorpholoqy and hydrology of the Rattlesnake Creek water­
shed northwest of Missoula, Montana to provide reconnaissance-level 
land use planning base information.
The approximate d is tr ibu t ion  of geologic units was mapped by f i e ld  
traverses and air-photo in te rpre ta t ion .  Their properties were 
obtained from f i e ld  observation and detailed study of representative  
soil p ro f i le s .  Laboratory testing by sieve and hydrometer established 
p art ie l  e-s ize d istr ibutions for representative soil  p ro f i les .  
Microscope and x-ray d i f f ra c t io n  study ident i f ied  aspects of the 
mineralogy of the s i l t  and clay fractions,  Geomorphic data were 
generated from existing maps and plotted graphically.  Stream d is ­
charge data were generated by surveying cross sections of the main 
stream channel and employing the slope-area method. These hydro­
logie data were compared to those from other watersheds and streams 
in western Montana.
The d is tr ibu t ion  of  g lacia l  t i l l  and e r ra t ic s ,  as well as the 
presence of a buried arg i l  l i e  soil  horizon, indicates that mult ip le  
Pleistocene glacial  advances of variable extent have occurred in the 
watershed. One of these was probably 130 to 150,000 years old and 
more extensive than previously believed. Surface layers of some 
soils  are p a r t ia l ly  wind-transported and include volcanic ash, 
probably from the Cascade Range. Hydrologie and morphologic data 
indicate that the watershed is a more e f fec t ive  prec ip itat ion  
catchment than are other regional watersheds. The upper portion of  
the watershed yields re la t iv e ly  large flood discharges.
Land use planners should consider the implications of in te rg la c ia l  
and post-glacial landslides, low-permeabi1i ty  soil materials in the 
lower watershed, high e rodab i l i ty  soils  in the upper watershed and 
large flood discharges and shallow ground water in the canyon bottom. 
The combined factors indicate the watershed is p a r t ic u la r ly  sensitive  
to disrupting a c t i v i t i e s .  Further study of some sites is merited 
because of unique conditions of preservation of deposits within the 
watershed that can y ie ld  more information on the Pleistocene and 
Holocene geologic and c l imatic  history of the area.
i i
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CHAPTER I 
INTRODUCTION
2 2Rattlesnake Creek drains a watershed of 205 km (79.2 mi. ) 
north of the City of Missoula, in western Montana. H is to r ic a l ly  
valued as a water supply area, portions of the watershed are now or 
have been used fo r  logging, grazing, framing, and mining. Presently 
the area is p a r t ia l ly  protected by access restr ic t io n s  on motor vehicles  
and is increasingly used for recreation. Crucial management decisions 
concerning the future of th is unique resource w i l l  be made in the next 
few years and the data available for making them are l im ited .  Only ten 
years o f  discontinuous hydrologie record is ava i lab le  for estimating  
the watershed's hydrologie parameters, soil data are preliminary and 
geologic information relevant to the planning process is sparse. As 
a t r ib u ta ry  of the Clark Fork River within the Missoula basin. R a t t le ­
snake Creek’s watershed is unique in having extensive and well de­
veloped g lacia l  morphology in i t s  upper reaches. The area provides 
information of academic and practical in terest  for the delineation of  
Quaternary stratigraphy and geologic history.
Scope of Study
The author intends th is  study to present some preliminary in ­
formation on the la te  T ert ia ry  and Quaternary geology, geomorphology 
and contemporary s u r f ic ia l  hydrology of the Rattlesnake Creek watershed.
1
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The lower portion of the Rattlesnake watershed is s t ru c tu ra l ly ,
1i th o lo g ic a l ly  and morphologically s im ilar  to the lower portions of  
other watersheds along the northern margin of the Missoula basin.
Where relevant for  interpreting the geologic history o f  the Rattlesnake 
watershed, morphologic information about other portions o f  the basin 
is presented. This information is intended to supplement information 
on the primary study ara. Maps are not included. The reader should 
re fe r  to the appropriate 7 1/2 '  topographic maps, produced by the U.S. 
Geological Survey.
The scope of the study has three parts:
1) To present a reconnaissance-level delineation of the 
nature and d is tr ibu t ion  of T er t ia ry  and Quaternary 
deposits in the Rattlesnake watershed and to in te rpre t  
aspects of the area's geologic history in the context 
of the local morphology, s u r f ic ia l  stratigraphy and 
soil development
2) To provide a quanti ta t ive  appraisal of the hydro­
dynamics of the watershed by comparing bankful 1 
discharge estimates a t  d i f fe re n t  sites on the main 
stream and these, in turn, to discharge data from other  
streams in western Montana
3) To id e n t i fy  some considerations fo r  land use planning 
in the area.
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Methods of Study
The geologic information was obtained by traversing the major 
sub-drainages and th e i r  divides on foot ,  mapping t i l l  and t i l l - l i k e  
deposits, as well as apparent upper l im its  of g lac ia l  d r i f t  and 
s t r ia t io n s .  The boundaries of these deposits were fu rther  defined by 
mapping from fa ls e -co lo r ,  in fra -red  aer ia l  photography provided to the 
University of Montana by NASA. Soil p ro f i le  samples were collected  
from Quaternary deposits at three sites in the watershed and analyzed 
fo r  p a r t ic le  size d is tr ib u t io n  and type of clay minerals present. In 
the southern portion of the drainage, observations pertinent to the 
discussion of T e r t ia ry  sediments and th e i r  Quaternary reworking were 
made by f i e ld  inspection of numerous construction excavations in the 
Rattlesnake Creek watershed and nearby portions of  the Missoula basin.
Morphologic information was gathered through f i e ld  observations 
and the study of aer ia l  photographs and topographic maps. A point-  
count procedure v/as used on a topographic map base to produce a 
dimensionless hypsometric curve fo r  depicting land area d is tr ibu t ion  
and elevation.
Hydrologie f i e ld  data were gathered by measuring channel cross 
sections at three sites along the trunk stream. Bankfull discharge 
was estimated by the slope-area method and th is ,  in turn, was compared 
to gage data from Rattlesnake Creek and other gaged streams in western 
Montana.
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Previous Work
Several authors have described or mapped portions of the 
Rattlesnake Creek watershed in the course of  other studies and have 
thereby provided a base of information upon which th is  study elaborates.
Nelson and Dobell (1961) mapped the pre-Ter t ia ry  geology of the 
southern portion of the watershed in the course of mapping the geology 
of the Bonner 15 minute quadrangle. All  Quaternary deposits were 
mapped as alluvium, colluvium or landslides. They recognized the 
largest landslide in the lower portion of the watershed and presented 
structural  information on the Paleozoic and Precambrian rocks, which is 
herein compared with morphologic data generated fo r  th is  study.
Konizeski, in McMurtney and others (1965), mapped the lower portion  
of the watershed in an overview fashion as a portion of a map o f  the 
Missoula basin. He delineated two deposits o f  Quaternary alluvium as 
well as glacial  lake deposits, two T ert ia ry  units and "basement rocks".
Alden (1953, p. 108-109) described the "Glacier of Rattlesnake 
Creek" and determined i ts  terminus to have been at  a prominent trans­
verse moraine in the canyon bottom (SW 1/4 ,  Sec. 19, T.13N, R.18W).
In addit ion, he observed the r e la t iv e ly  high gradient of the upper­
most outwash terrace below the moraine and hypothesized i t  was the 
resu l t  of " to r re n t ia l"  transport or deposition from the wasting g lac ier  
f ro n t .  Evidence gathered in the course of th is  study suggests both 
processes may have operated.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Published soil data is lacking though preliminary mapping has 
been completed by the Missoula Off ice of the Soil Conservation Service 
(Personal communication, Mr. Doug Harrison, 1976). This work provides 
a delineation of soil types though i t  does not primari ly  attend to the 
genetic interpretat ions pertinent to this study.
Ten years of discontinuous gage data were ava i lab le  from records 
of the U. S. Geological Survey. These data have been used in the 
hydrologie portion o f  th is study.
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CHAPTER I I
GEOGRAPHY AND REGIONAL GEOLOGIC STRUCTURE
Within the Rattlesnake Creek watershed vegetative associations 
vary from grassland with a timbered watercourse, through pine and 
spruce forest to scrub timber in the sub-alpine zone, and moss and 
lichen in the alpine zone. Precip ita t ion  amounts increase with a l ­
t i tu d e ,  varying from 36 to 38 cm (14 to 15 in . )  per year in the lower 
elevations to over 127 cm (50 i n . )  per year in the mountains (U.S.D.A.,  
Soil Conservation Service, 1974).
Rattlesnake Creek drains two d i f fe re n t  geographic and structural  
areas. One, a b lock- l ike  mass of Precambrian and Paleozoic rocks has 
been u p l i f ted  and t i l t e d  re la t iv e  to the other, a downfaulted wedge 
of s im ila r  rocks, now p a r t i a l l y  covered by Tert ia ry  and Quaternary basin 
deposits (Figure 1).  In th is  paper the two areas w i l l  be referred to 
as the Rattlesnake Mountains and the Missoula basin. Though i t  appears 
the div is ion between the two may actua l ly  be established by several 
sub-paralle l  faults (see map p la te ) ,  the name "Clark Fork Fault" has 
precedence in the l i t e r a t u r e  (Nelson and Dobell, 1961; McMurtney and 
others, 1965). I t  is here used to re fe r  to the approximately l in ear  
zone of  abrupt slope and l i th o lo g ie  t ra ns i t io n  between the mountains and 
the basin. Southwest o f  both the Rattlesnake Mountains and the Missoula 
basin are the B it te r roo t  Mountains. In the in te r io r  of the B it terroots
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
the rocks are dominantly quartz monzonite of the Idaho batho l i th ,  
emplaced during la te  Cretaceous and early  Tert ia ry  time. Precambrian 
and Cambrian rocks on the southern margin o f  the Missoula Basin were 
generally  thrust northward to th e i r  present location during the la te  
Cretaceous or Tert ia ry  (H a l l ,  1968); see Figure 1. Structure in the 
Precambrian and Cambrian rocks in the Rattlesnake watershed is dominated 
by northwest trending thrusts and fo ld  axes. The equal area p lo t  of  
poles-to-bedding in Figure 16 i l lu s t r a te s  this w e l l .  The trend of  
the structural features suggest the dominant deformation was caused by 
local compressive stress from the southwest. Current theories for  
the or ig in  of these stresses hypothesize tectonic transport to the north,  
away from the Idaho batholith  (verbal communication. Dr. D. A l t ,
Univ. of Montana, 1978). The trend of the structural features suggests 
that compressive forces originated to the southwest, in the v ic in i t y  
of the Idaho bathol i th .  A fter  thrust fa u l t in g ,  recurrent normal and 
s t r ik e - s l ip  fau lt ing  displaced Precambrian, Cambrian and T er t ia ry  
sediments. As a re s u l t ,  a t  least one angular unconformity exists be­
tween t i l t e d  deposits of Tert ia ry  sediments, rich in volcanics, and an 
overlying gravel cap of PIiocene-Pleistocene age. A generalized  
sequence of the geologic units is represented on the map plate and a 
generalized column of  the T er t ia ry  Units is presented in Figure 2.
A generalized block diagram of the area, showing structural and l i t h o ­
logie re lat ionship is presented as Figure 3.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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S T U D Y
A R E A
Explanotion
D▼nr faults: sawteeth on upper plate of thrust ; arrows indicate 
relative movement
syncline
Q - Quaternary deposits 
T s- Tertiary sediments 
pT- pre-Tertiary sediments 
M z i- Mesozoic intrusives
Figure 1. Regional structure and study area
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ailty gravel and sand; brown, cross­
bedded; permeable; unconsolidated.
conglomerate, shale, sandstone and 
volcanic ash; yellowish brown, gray, 
pale yellow and red; low permeability; 
semi-consolidated.
shale, sandstone, siltstone and conglom­
erate with some coal; gray, brown, 
greenish gray and tan; slightly 
permeable to impermeable; high- 
swelling clays in shales; fossils 
suggest Oligocene age.
Figure 2. Generalized column of T er t ia ry  deposits. Northwest 
portion o f  Missoula Basin, thicknesses vary.
Pleistocene deposits occupy most of Rat tesnake Creek's va l ley  
bottom, both upstream from the trace of the Clark Fork Fault ,  where 
they d ire c t ly  o ve r l ie  Precambrian metasediments of the Belt Supergroup, 
and downstream from the f a u l t  where they overlap the Tert ia ry  Units.  
Most o f  these Pleistocene deposits are moraine and outwash that  were 
deposited during one or more In terva ls  o f  g lac ia t io n .  Recurrent alpine
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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SE
Gold Creek
Clark Fork Fault
Rattlesnake Creek
Figure 3. Generalized Block Diagram, Rattlesnake Mountains
glaciat ion  in other mountain ranges in the region has been documented 
(Alden, 1953; Weber, 1972). This suggests that mult ip le g laciat ion  
occurred in the Rattlesnake Mountains as w e l l .  Evidence from the 
surrounding area indicates that on a t  least une occasion, the R a t t le ­
snake Mountains lay at or near the southern terminus o f  the Clearwater-  
Swan Lobe of the Cordilleran Ice Sheet (Richmond and others, 1965). 
During several of i ts  advances, Cordilleran ice dammed the Clark Fork 
River near the Montana-Idaho border and impounded vast quantit ies of  
water (Pardee, 1942; Alden, 1953). Strandlines from glacial  Lake 
Missoula which formed as a resu lt  of th is ,  are v is ib le  on the h i l ls id e s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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in the lower portion of the Rattlesnake watershed to an elevation  
of 1341 m (4400 f t . ) .
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CHAPTER I I I  
DISCUSSION OF MAP UNITS
A reconnaissance map of the Quaternary geology of the Rattlesnake 
Creek watershed is presented as a separate plate in an attached pouch. 
Selected features on the map are discussed below along with some in ­
formation on e rra t ics  and l i t t o r a l  deposits.
Pre-Tert iary  Rocks
Pre-Tert iary rocks are large ly  Precambrian and Cambrian sediments 
which have been subjected to low-to-intermediate grades of metamorphism. 
A r g i l l i t e s ,  s i l t i t e s ,  quartzites and limestones predominate. Some of  
the rocks, p a r t ic u la r ly  those in the southern h a l f  of the watershed, 
have been folded, fractured,  fau lted  and intruded (Nelson and Dobell,  
1961). During the Quaternary, large volumes o f  these rocks were eroded 
from the mountains and some of the material redis tr ibuted on the va l ley  
sides and bottoms as t i l l ,  outwash, alluvium, ta lu s ,  etc .  Most of the 
drainage network of the watershed has been established in these rocks 
and appears to show a preferent ia l  development p ara l le l  and perpen­
dicular to the s t r ik e  of the bedding and fo ld  axes (Figures 13 and 15). 
D if fe ren t  l i tho log ies  and formations have d i f fe re n t  weathering 
character is t ics  which a f fe c t  outcrop morphology and soil development.
In general,  limestone and dolomite o f  the wel1-fractured  Wallace
12
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Formation (mapped as the Newland Formation by Nelson and Dobell, 1961) 
form deep co l luv ia l  mantles containing f l a t ,  angular fragments of  
parent rock. Pink, feldspathic quartz i tes of the Bonner Formation 
weathered mechanically to a blocky rubble. Clasts appear to become 
rounded by both chemical and mechanical processes often producing a 
sandy s o i l .  Outcrops of the Bonner are r e la t iv e ly  rare .  A r g i l l i t e s  
and s i l t i t e s  of other formations as well as quartz ites of the Pilcher  
Formation are more res is tant  to weathering and are therefore more commonly 
represented among s tr ia ted  e r ra t ic s .  Their outcrops are often prominant 
with planar,  three dimensional jo in t in g .
Most of the p re-Ter t ia ry  rocks are r e la t iv e ly  impervious to f lu id s  
except where fractured. They show evidence o f  mass f a i lu r e  at one 
location described in the section of landslides.
Tert ia ry  Deposits, Undifferentiated
T er t ia ry  deposits outcrop pr im ari ly  along the sides of the R a t t le ­
snake va l le y ,  south of the trace of the Clark Fork Fault .  A wide var ie ty  
of l i tho log ies  include consolidated gray, buff and red shale, sandstone, 
conglomerate and volcanic ash, as well as unconsolidated clay, gravel 
and sand. Natural exposures of these units are rare and f i e ld  obser­
vations have re l ie d  large ly  on information derived from construction  
excavations, l a n d f i l l  s ites and gravel p i ts .  I t  has not been possible 
to observe or construct a complete section. However, observations of  
the T er t ia ry  sediments in the Rattlesnake watershed as well as those in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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nearby portions of the Missoula Basin, permit construction of a 
generalized column here presented as Figure 2. Seismic data prepared 
by th is  author in 1973 suggest that the east knoll of Waterworks H i l l  
(NW 1 /4 ,  NE 1/4 ,  NE 1/4 ,  Sec. 15, T.13N, R.19W) is capped by 5 to 7m 
(15 to 2 0 f t )  of unconsolidated T ert ia ry  and Quaternary sediments, which 
over l ie  bedrock of the Wallace formation. From the top of the kn o ll ,  
the thickness of the deposit decreases in a l l  d irections.  Across the 
Rattlesnake Creek va l le y ,  below the saddle o f  Mt. Jumbo (SE 1/4 ,  Sec. 11, 
SW 1/4 ,  Sec. 12, NE 1 /4 ,  Sec. 14, T.13N, R.19W) a brown gravel cap of  
variable thickness overl ies l ig h t  yellowish brown (2.5Y 6 /4 ,  dry) and 
red (2.5YR 5 /6 ,  dry) T er t ia ry  clays. Unified Soil C lass if ica t ion  f i e l d  
tests indicate the clays have high-to-low p last ic  properties. "Popcorn" 
weathering textures strongly suggest at least a moderate content of  
smectit ic clays. Other investigators have demonstrated the presence 
of smectite clays in comparable materials in the Missoula Basin (verbal 
communication. Dr. Graham Thompson, Univ. of Montana, 1976).
Glacial T i l l
D istr ibut ion  and General Properties
Deposits of u n s tra t i f ie d  and weakly s t r a t i f i e d  Pleistocene g lacia l  
d r i f t  cover portions of the f loors o f  cirques, hanging valleys and of  
the main va l ley  f lo o r  in the Rattlesnake Creek watershed. In addit ion,  
t i l l  and t i l l - l i k e  deposits mantle consolidated rock in depressions and 
cols along the northeast and east drainage divide common to Rattlesnake
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Creek and Gold Creek. Other deposits of t i l l  are found in small 
depressions in pre-Tert iary  rocks which form the lower canyon walls.
For purposes of this report ,  t i l l  is considered to exclude those deposits 
near cirque headwalls, presumed to be neoglacial by the lack of  
vegetation and the angularity of th e i r  boulders. Only the larger  de­
posits of t i l l  are recognized on the map. These deposits generally have 
poorly defined boundaries and show considerable var ia t ion  in thickness 
due to i r re g u la r i t ie s  in bedrock topography. The operational c r i te r io n  
used to map the deposits was that they have a probable thickness equalling  
or exceeding 1 meter. This estimate was based on f ie ld  data from natural  
and man-made exposures and inference about bedrock topography. The 
prevalence of dashed l ines delineating the deposits indicates the un­
ce r ta in t ies  involved in these estimates.
The composition of the t i l l s  varies with geomorphic position and 
parent rock. Northeast-facing cirques that l i e  below the western 
drainage divide contain detr i tus  from the Garnet Range and McNamara 
formations of the Belt  Supergroup. T i l l  in Shoofly Meadows is dominated 
by detr i tus  from the Bonner Quartzite and the M i l l e r  Peak a r g i l l i t e .  
Cirques on the north side of Sheep Mountain contain rocks from the Garnet 
Range and Pilcher formations. T i l l  in a prominant moraine on the canyon 
bottom, near the trace of the Spring Gulch f a u l t ,  comprises many 
l i th o lo g ie s .  Near the surface of the moraine, gabbro and diabase from 
a nearby dike are common among the constituents. In general,  the 
weathering character ist ics o f  the rocks, varying distances from sources
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and the mechanics of deposition appear to cause large variations in 
p a r t ic le  size d istr ibutions in the t i l l .
Soil Development on T i l l
In the past few decades increasing attent ion  has been focused on 
distinguishing t i l l s  of d i f fe re n t  ages by comparing th e i r  weathering 
character is t ics .  Birkeland (1974) has summarized and explained some 
of the techniques involved. Comparative soil  development has emerged 
as a useful though inexact tool fo r  delineating Quaternary strat igraphy,  
when considered in the context of parent rock, e levat ion,  geomorphic 
posit ion, climate, drainage, e tc .
Study Sites and Analyses
From information gathered in the course of f i e ld  invest igat ion,  
three s i te s ,  judged representative of nearby deposits, were chosen fo r  
deta i led  study hoping to establish differences which would permit 
r e la t iv e  age d is t inct ions.  The locations of these sites are noted on the 
descript ive soil p ro f i le  columns presented as Figures 4, 6 and 8 . 
Approximate locations are shown on the map in Figure 10. At each s i te  a 
soil p i t  approximately 1 . 6  m in depth was excavated, the soil  p ro f i le  
described and sampled a t  selected depths. Samples were analyzed 
fo r  p a r t ic le  size d is tr ibu t ion  by wet sieve and hydrometer methods.
The data, plotted as cumulative d is tr ibu t ion s ,  are presented as 
Figures 5, 7 and 9. Samples from upper horizons were examined under 
a polariz ing microscope in an attempt to detect volcanic ash.
Portions of seven samples were dispersed in d is t i l l e d  water with
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sodium hexametaphosphate, centifuged to obtain an equivalent p a r t ic le  
size of less than 2 , and dried on glass slides to produce oriented  
mounts fo r  x-ray d i f f ra c t io n  study. Some of these slides were treated  
in a ethelyneglycol atmosphere fo r  24 hours. The d i f f ra c t io n  patterns 
are presented in Appendix A, and interpretat ions of probable clay  
mineral constituents presented in Table 1.
S ign if icant  Features
The descriptive and analyt ical  data show the existence of some 
d is t in c t  soil  features which warrant discussion due to th e ir  s ignif icance  
in interpret ing  la te  Quaternary geologic history and the physical 
properties o f  the so i ls .
B ir  Horizon. Soil p ro f i les  on a l l  three t i l l s  have a common element 
represented as a near-surface accumulation of  brown and yellowish-brown 
material r ich in s i l t .  On the basis of th e i r  physical propert ies,  noted 
on the columns and attendant p a r t ic le  size curves, and descriptions of  
comparable materials by the Soil Conservation Service (1972), these 
horizons have been designated as "Bir". Ottersburg (1977) summarized 
data and opinions of soil sc ien t is ts  on the origins and physical prop­
e r t ie s  of s im ilar  soil horizons in western Montana which he described 
as "andic" on the basis o f  th e i r  content of volcanic ash. Though a 
d iv e rs i ty  o f  opinion was noteworthy, a consensus indicated the 
following:
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Table 1. Clay mineralogu of  soils  on t i l l
Location Depth, CM Horizon Clay Minerals*
Shoofly Meadows s i te
Franklin Gd. Stn. s i te
Lake Creek s i te
19
53
114
30
60
11
30
90
Bir  
I IB 2t  
11 Cox
Bir
Cox
A2
Bir
C
11.,  Ka. ,  Sm.
11. ,Ka., I1 /Cl-Sm.
11. ,K a . ,11 ./Cl-Sm
I I . ,Ka. ,C1 . /V r .
11. ,Ka.,H1. ,C1/Vr.
Cl. /Vr.-Sm.
Cl. /Vr.-Sm.  
no clays id e n t i f ie d
*Ka. = k a o l in i te ,  I I .  = i l l i t e ,  Sm. = smectite. Cl. = c h lo r i te ,  
Vr. = vermiculite ,  HI. = h a l lo y s i te ,  " /"  = e i th e r  or both may 
be present, = probable in te r layer ing;  constituents l is te d  in 
order of re la t ive  in tens ity  o f  d i f f r a c t io n  peaks.
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1) The Bir horizon is in part an accumulation of loess 
and volcanic ash in varying porportions;
2) Weathering of the l a t t e r  tends to impart e i th e r  an 
amorphous or smectite clay content to the suite  of  
clay-s ize  minerals present;
3) Physical properties tend to include low bulk density,  
high content of organic matter,  high cation exchange 
capacity, high nitrogen and phosphorous content, high 
water holding capacity, high i n f i l t r a t i o n  capacity,  
weak aggregation, ch arac ter is t ic  brown or yellowish  
brown color;
4) F e r t i l i t y  is high when base saturation is adequate.
Erosion hazard and potential fo r  compaction are high.
Microscopic examination of the material from the Bir  horizons at the 
sites  studied, detected amorphous glass shards at only the Lake Fork 
s i te  where they may account for  as much as 10  percent o f  the volume of  
the p ar t ic le s .  Interpretations o f  x-ray diffractograms suggest d i f ­
ferences in clay mineralogy are greater between sites than between 
horizons at the same s i te .  However, p a r t ic le  size data indicate the 
Bir horizons were deposited by d i f fe re n t  processes than were underlying 
horizons. Together these factors suggest wind deposition where sources 
within the watersheds of the study s ites  provided a substantial portion  
o f  the input. I t  should be noted that the accumulation of volcanic ash 
in the soil p ro f i le  is at least somewhat s t r a t i f i e d .  At the Lake Fork
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s i t e ,  samples from the horizon designated are approximately 
30 percent glass shards. Other th in ,  gray ash-rich layers have been 
noted throughout the Rattlesnake watershed, p a r t ic u la r ly  at timbered 
sites in the upper elevations. There were many possible sources for  the 
ash, but some have been shown to have influenced soil in western Montana. 
Two of  these were Glacier Peak, Washington, which erupted v io len t ly  
about 12,000 years B.P. (F ryx e l l ,  1965) and Mount Mazama, Oregon, which 
erupted about 6,500 years B.P. (Powers and Wilcox, 1964).
Soils at a l l  three study sites have an A/Bir/C p ro f i le .  Since the 
Bir does not seem to have been s t r i c t l y  developed from the underlying 
parent material in s i tu ,  i t  is reasonable to consider i t  a d is t in c t  
deposit.  In this case the Bir of the complete soil p ro f i le  could 
reasonably be designated the C horizon of the uppermost un i t ,  but this  
is apparently contrary to convention established by soil  sc ient is ts .  The 
Bir horizon does not indicate re la t iv e  age as would be the case for a 
horizon. For geomorphic purposes i t  should be considered analogous 
to an A/C p ro f i le  developed on a recent deposit. Soil development on 
deposits immediately beneath the Bir horizons were not detected.
I IB gt  horizon. At Shoofly Meadows the soil p ro f i le  manifested a 
d is t in c t ly  d i f fe re n t  feature in that another deposit was found to ex ist  
beneath the sequence of horizons common to a l l  three sites in the upper 
0.5 m. I t  is distinguished on the basis of position in the solum, color,  
an abrupt boundary, deeper weathering of quartz i te  cobbles and a higher 
degree of compaction than overlying materia ls.  The upper 20 to 30 cm of
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lower deposit are enriched in clay content, have a massive to weak 
structural  development, and have stronger colors than the t i l l  below 
(see Figures 7 and 8 ).
For these reasons the uppermost horizon o f  the lower deposit is 
c la s s i f ie d  1 1 ^ 2 ^ -  I t  should be noted however that ped structure in 
th is  horizon e i th er  was not strongly developed or has been p a r t i a l l y  
destroyed. The t i l l  beneath has been designated as oxidized on the 
basis o f  color differences from younger materials of comparable com­
positions.
For purposes of th is  study the I IB„. and IIC^ horizons are in te r -  
preted as indicative of a paleosol in conformance with the c r i t e r ia  
summarized by Birkeland (1974) and Yaalon (1971) and u t i l i z e d  by others 
such as Richmond (1962) and Ruhe (1968). Additional work with other 
soil p ro f i les  in the area w i l l  be needed to confirm or negate this in­
te rp re ta t io n .  Field investigation has noted a comparable soil  p ro f i le  
near the drainage divide between Rattlesnake Creek and Gold Creek (SW 1 /4 ,  
SE 1/4 ,  Sec. 11, T-15N, R.18W).
Age in te rp re ta t io n . Field work w ith ,  and a i r  photo in terpre ta t ion  
o f ,  the Pleistocene t i l l s  in the Rattlesnake watershed has not yielded  
adequate c r i t e r i a  fo r  distinguishing th e i r  re la t iv e  ages on the basis of  
s u r f ic ia l  morphology. For th is reason ages o f  the t i l l s  have not been 
distinguished on the map. However, ten ta t ive  evaluation of re la t iv e  age 
is suggested on the basis of surface morphology at some locations and 
inference based on geomorphic position and the soil data generated for  
th is  study.
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In general,  recessional moraine ridge crests in the hanging 
valleys west of Rattlesnake Creek are better  defined in being sharper in 
outl ine  and having steeper sides than the possible morainal features in 
Shoofly Meadows and the depressions along the Rattlesnake Creek-Gold 
Creek divide (Sec. 11, 14, 15, 9, T.15N, R.18W). Since the hanging 
valleys west o f  Rattlesnake Creek are closer to the cirques la te  stands 
of ice probably persisted in those locations a f te r  re tre a t  from the 
Gold Creek div ide. The paleosol in Shoofly Meadows indicates i t  was 
la s t  occupied by ice during a g lac iat ion  older than that which l e f t  t i l l  
in the hanging valleys. An age interpreta t ion of the Shoofly paleosol, 
based on comparable descriptions by Richmond (1965),  could correlate  
the older deposit in Shoofly Meadows with the Bull Lake advances. Soils 
on t i l l ,  as well as morphologic features in the hanging valleys west of  
the Creek match Richmond's description fo r  t i l l s  on Pinedale age. Recent 
work by Pierce (1976) in the West Yellowstone area indicates that  
Pinedale t i l l s  may range in age from 20,000 to 35,000 years B .P . ,  while  
Bull Lake t i l l s  range from 130,000 to 150,000 years B.P.
Holocene Mass-Wasting Deposits 
Within the Rattlesnake Creek waterhsed, angular to sub-angular rock 
debris has accumulated on and below c l i f f s  and other rocky slopes in 
a var ie ty  o f  forms. Talus is so common that i t  has not been distinguished  
as a map u n it .  However, there are mass-wasting deposits which are com­
posed of the same types o f  materials which form ta lu s ,  but which do not
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have simple, s tra ight  or concave slope forms. For purposes of this  
report ,  these deposits have been distinguished from talus on the basis 
of having ridges and or furrows in th e i r  surfaces. As does ta lus ,  
they lack s o i l ,  grass or forest cover. Only those deposits which 
exceed approximately 50 m (150 f t . )  in length or width, and which were 
v is ib le  from a i r  photos were mapped. Morphology and geomorphic position  
indicate the following are present:
a) neoglacial moraines
b) apparently inactive rock glaciers
c) protalus ramparts.
Most were noted in g lacia l  valleys and cirques at elevations above 
2133 m (7000 f t . ) ,  where a sparseness of lichens on rock rubble indicates  
some mass-wasting deposits are s t i l l  act ive .
The processes responsible fo r  the formation of these deposits are 
d i f f i c u l t  to id e n t i fy .  I t  is therefore d i f f i c u l t  to assign genetic 
names with confidence. Rock g laciers d i f f e r  from true glaciers in that  
they are mostly composed of rock debris. The mass derives f lu id  
properties through the deformation of i n t e r s t i t i a l  ice as opposed to the 
shearing and flow deformation of a mass composed primarily of ice. In 
the Alaska Range Wahrhaftig and Cox (1959) have noted that rock glaciers  
can become true glaciers with a depression of the local f i rn  l im i t .  
Protalus ramparts may represent small, localized moraines or simply 
sites of debris accumulation at the toe of snowfields.
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Moraines of neoglacial or igin  l i e  a t  or near cirque headwalls in 
the upper elevations of the watershed and generally have north aspects.
In general they match the descriptions of neoglacial deposits presented 
by Richmond (1965). One of the best developed is found at the cirque 
head above Sanders Lake (NE 1 /4 ,  SE 1 /4 ,  Sec. 13, T.15N, R.19W). I f  
a neoglacial age in terpre ta t ion  fo r  these deposits is correct,  according 
to Richmond they formed during the las t  3100 years. Older neoglacial  
deposits may be present but are mapped as t i l l  since most have grass 
and/or forest  cover and distinguishing features are not apparent.
Some deposits of ta lus-type material exh ib it  ridges and furrows in 
th e i r  surfaces, forming lobate structures in otherwise s tab i l ized  
(l ichen covered) slopes. D i f fe re n t ia l  lichen cover indicates the ridges 
are r e la t iv e ly  stable while the furrows are more active .  In th is  
respect they are comparable to rock glaciers as described by Wahrhaftig 
and Cox (1959), I t  is reasonable that some may have i n t e r s t i t i a l  ice 
a t  t h e i r  cores. Talus slopes a t  the toe of these deposits are generally  
l ichen covered, suggesting they are inact ive .  An example of one of these 
features is found on the southwest f lank of McCleod Peak in the NW 1 /4 ,  
Sec. 7, I . 15 N, R.18 W. At this location,  the lobes of  talus-type  
material are associated with stone stipes on s l ig h t ly  steeper slopes 
nearby. An apparently active rock g lac ier  has been noted on the north­
west f lank of McCleod Peak, jus t  outside the study area in the SW 1 /4 ,
SW 1 /4 ,  Sec. 31, 1.16 N, R.18W.
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Protalus ramparts stand as d is t in c t  ridges along the bases of  
ta lus deposits. Two of the most notable of these have southwest aspects, 
a condition which may favor a r e la t iv e ly  high number of freeze-thaw 
cycles and an or ientat ion  p ara l le l  to the s t r ik e  o f  the local bedding 
and structure.  These features are found near the head of Pilcher Creek 
(secs. 5 ,6 ,8 ,  T.14 N. R.18W), and on the side o f  an unnamed rocky knob 
approximately 2  km northeast of Sanders Lake (SW 1 /4 ,  Sec. 8 , T.15N, 
R.18W).
Landslide Deposits
Low-Inclination Slumps
Landslide deposits in the Rattlesnake watershed are most con­
spicuously represented by a large area of slope fa i lu r e  along the trace 
of the Clark Fork Fault in portions of Secs. 2, 3, 10 and 11, T.13N, 
R.19W. The sl ide area has charac ter is t ic  hommocky topography which 
includes transverse arcuate ridges and swales in the s l ide  mass and 
an escarpment at i ts  head, approximately 20 m high. Presently the slope 
across the s l id e ,  from the head of  the escarpment to the toe of the 
sl ide mass is approximately 7® (12%). The low inc linat ion  suggests 
tha t  materials with low angles of internal f r i c t io n  formed the fa i lu r e  
surface and that i t  was re la t iv e ly  shallow. I t  is a reasonable specu­
la t ion  that T er t ia ry  clays, softened by high water contents were a con­
t r ib u t in g  element in the fa i lu r e .  At the toe of the large s l ide  (NW 1/4 ,  
NW 1 /4 ,  Sec. 11, T.13N, R.19W) a portion of the s l ide material has been
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exposed in the excavation fo r  a municipal aquaduct. Discrete blocks 
of pale-yellow, c lay-r ich  T er t ia ry  sediments, with vestiges of bedding 
i n ta c t ,  are preserved in a pinkish gray t i l l - l i k e  matrix of s i l t y ,  
boulder gravel.  The blocks, up to 3 m on a side, have sharp boundaries 
and angular corners which suggest transport and deposition attendant to 
mass fa i lu r e .  Field and laboratory tests on these and s im ilar  materials  
exposed along the northern and south-eastern boundaries of the Missoula 
Basin have established that some are high-to-low p last ic  clays (un­
published data by the author, 1977). With high water content, materials  
such as these ty p ic a l ly  possess cohesion but low angles of internal  
f ract ion  (Spangler and Handy, 1973, p. 442-444).
Strandlines from Glacial Lake Missoula appear to have been erased 
by the upper portion of the s l ide while they are preserved on slopes 
nearby. Other strandlines are etched on the toe o f  the s l ide ,  indicating  
f a i lu r e  occurred between two stands of the Glacial Lake. I t  is a 
reasonable speculation that saturation by lake water may have been a factor  
in the s l id in g .
Across the Rattlesnake Creek va l ley  below the saddle of Mount Jumbo 
(SE 1 /4 ,  SW 1 /4 ,  Sec. 17, T.13N, R.19W) s im ilar  mater ia ls ,  appear to 
have been displaced by s l id ing  as suggested by at least one closed 
depression and a subdued ridge-swale morphology. (An a l t e r la te  hypothesis 
explains the morphology as a cavita t ion  feature caused by lake draining 
currents flowing through the "saddle" of M t . Jumbo.) High p last ic  clays 
underlie a s u r f ic ia l  gravel cap in th is  area.
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Blockfal l  Landslide
In the upper portion of  Rattlesnake Creek's canyon, SW 1/4 ,
NE 1 /4 ,  Sec. 11, T.14N, R.18W, another landslide occurred with a 
d i f fe r e n t  mechanical s ty le .  Here the parent material was rock of the 
Belt Supergroup (Nelson and Dobell, 1961). Mechanically this f a i lu r e  
was of the slab or b lockfal l  type and appears to have been precipitated  
from the canyon walls too steep for the cohesion of the fractured rock. 
Field observation has noted that a s ig n i f ica n t  component of the fractures  
in th is  area which s tr ike  NW-SE, tends to dip northward steeply,  
possibly predisposing northeast-facing slopes in the upper portion of  
Rattlesnake canyon, to mass fa i lu r e  of th is  type.
A fte r  the slab fa i lu r e  in Sec. 11 (above) alluvium f i l l e d  the canyon 
immediately upstream, creating a boggy area with a braided channel 
pattern. Projecting the stream's p ro f i le  through the obstruction,  
suggests that as much as 30 m (100 f t . )  of unconsolidated f i l l  exists  
behind th is  natural dam. The landslide obstruction is represented by 
the prominant nickpoint in the longitudinal p ro f i le  between cross- 
section s ites 1 and 2, see Figure 17. While no d e f in i te  evidence can 
be found to date the occurrence of the f a i lu r e ,  i ts  rubbly, sparsely 
vegetated surface, combined with i ts  prominence in the stream's 
longitudinal p ro f i le  suggest i t  probably occurred in the Holocene.
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Outwash
Al luv ia l  deposits of presumed g la c io - f lu v ia l  or ig in  make up the 
majority  o f  the near-surface material on the highest terrace surface 
in the Rattlesnake Creek va l ley ,  from the base of the prominant traverse  
moraine in Sec. 19, T.14N, R.18W, to the Creek's confluence with the 
Clark Fork River. Topographic expression of a braided-channel stream 
network remain on th is  terrace surface immediately down-valley from 
the moraine and in the N 1/2 ,  Sec. 11, T.14N, R.19W. The composition 
of the material is unknown, but shallow tes t  p its  on the stream bank in 
the NE 1 /4 ,  NE 1 /4 ,  Sec. 25, T.14N, R.18W, revealed a sandy, boulder 
gravel (see Figure 4 ) .  Assuming there are no hidden bedrock i r r e g u la r i ­
t i e s ,  the maximum depth of th is  deposit should exceed the 37 m (125 f t . )  
entrenched to date. At i t s  surface, th is  landform is loca l ly  covered by 
boulders, s i l t  and poorly sorted sand and gravel.  The gradient on the 
surface of the upper portion of the terrace is approximately 2 . 6  percent 
as contrasted with a 1.3 percent grade which now characterized the 
modern stream channel in the same area. Farther down-valley (S 1 /2 ,
Sec. 11, T.13N, R.19W) at a depth of approximately 1 m materials are 
dominantly weakly bedded, brown (7.5YR 5 /2 ,  d ry ) ,  to pinkish gray 
(7.5YR 6 /2 ,  dry) sandy boulder gravel.  The combination of re la t iv e ly  
high gradient and bouldery composition led Alden (1953) to suggest 
that the outwash was in part deposited by g lac ier  outburst (jokulhlaup)  
f loods.
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Figure 11. Moraine and outwash deposits, s u r f ic ia l  s t ra t igraphy.
Other outwash deposits ex is t  upstream from the transverse moraine 
noted above, though they are not so continuous and cannot be adequately 
correlated with each other. These deposits are younger than the deposit 
below the moraine. They have been distinguished from terrace alluvium 
on the basis of surface morphology, geomorphic posit ion, and d irec t  
association with deposits of t i l l .  Some outwash is intermixed with t i l l  
deposits, p a r t ic u la r ly  in hanging valleys in the upper drainage.
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Col 1uvi um
Colluvial  deposits have accumulated in areas of r e la t iv e ly  low 
slopes and are recognized by a dominantly angular and subangular shape 
of th e i r  c lasts .  They are most common in the lower portions of the 
drainage, p a r t ic u la r ly  in areas underlain by the well-sheared Wallace 
limestone (see Nelson and Dobell, 1961). Spring gulch contains a 
deposit of th is material on which two terraces have formed. Much of the 
co l lu v ia l  material in Spring Gulch may have come from brecciated rock 
near the Spring Gulch Fault which has a trend northwest across the head 
of the Gulch (Nelson and Dobell, 1961). Evidence fo r  th is  is provided 
by the abrupt increase in the slope of the surface deposits near the 
f a u l t ,  and a commensurate increase in the percentage of angular clasts
derived from the northern, upthrown side. The local morphology
suggests, but does not demand, an in terpre ta t ion  of  a landslide in the 
SW 1 /4 ,  Sec. 23, T.14N, R.19W.
In some locations, such as the forested slope on the east side of
Rattlesnake canyon at  the 1158 m (3800 f t . )  elevation (SW 1/4 ,  Sec. 36, 
T.14N, R.19W), an extremely well sorted layer of coarse, angular gravel 
suggests the action of l i t t o r a l  processes on material which is now 
covered by approximately 2 m of pale gray colluvium. At one location  
along the Creek (NW 1 /4 ,  SW 1 /4 ,  NE 1 /4 ,  Sec. 35, T.14N, R.19W) 
co l lu v ia l  materials have covered a g r a v e l -s i l t  sequence represented in 
Figure 12. The pinkish cast of the s i l t s  combined with th e i r  near­
surface s tra t igraphie  position suggests th e i r  deposition in one o f  the
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Figure 12. P ro f i le  of co l luv ia l  development on other 
Quaternary deposits.
stands of the Glacial Lake Missoula. I t  should be noted that most 
s i l t - s i z e  material indigenous to the upper Rattlesnake Creek watershed 
is gray in color while most lake s i l t s  are pinkish. Colluvial develop­
ment subsequent to at least one lake stand is indicated by the in ­
clusion of pink, varved lake s i l t s  a t  a discontinuity in co l luv ia l  gravel 
deposits exposed in a road cut and gravel p i t  on the south-side road, 
on the southern margin of the Missoula Basin (respectively ,  SE 1 /4 ,  SE 
1/4 ,  Sec. 26, T.14N, R.26W and NW 1/4 ,  SE 1 /4 ,  Sec. 8 , T.22W, R.14N).
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Fan Deposits
Fan deposits, as mapped fo r  th is  study, are o f  two d i f fe re n t  
morphologic types and compositions. Both are s im ilar  in that they have 
general outl ines that approximate conic sections. In the portion of  
the Rattlesnake Creek watershed north of the Spring Gulch Fault ,  fan 
deposits generally have steep surfaces, inclined between 25 and 40 
degrees. Most o f  these steeper fans are composed of mixtures of material  
derived from drainages above them and include mixtures of reworked 
bouldery t i l l  in the form of alluvium and/or outwash, and grade la t e r a l l y  
into talus and/or colluvium. On some, such as the fan o f  Beeskove Creek 
(SW 1 /4 ,  Sec. 16, T.14N, R.18W) constructional levees on the steep 
slopes of the fan suggest that alpine mudflows played a role in the 
fa n ’ s development.
South o f  the Spring Gulch Fault slopes on the surface of fans are 
ty p ic a l ly  in the range of 5 to 20 degrees. Materials of these fans 
are usually of sand, pebble and cobble size and are more aptly  described 
as alluvium. The fan at the mouth of Danny O'Brien Gulch has aggraded 
onto the uppermost outwash surface in the lower portion of the drainage 
and contains a t  least one layer of w ater- la id  volcanic glass shards.
Alluvium of the Terraces
Downstream from the prominent transverse moraine in the Rattlesnake 
Creek's canyon, at least two major and as many as four minor, discon­
tinuous stream terraces have been formed below the level of the uppermost
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outwash surface. Though v e r t ic a l ly  separated from the outwash terrace  
by as much as 30 m (100 f t . ) ,  immediately downstream from the moraine, 
the ver t ica l  separation decreases toward the Creek's confluence with 
the Clark Fork River.
There are many theories re la t ing  terrace formation to climate  
as summarized by Frye (1961). Schumm (1965) evaluated terrace de­
velopment by considering channel erosion or deposition a t  locations in 
d i f fe re n t  geographic regions and under d i f fe re n t  degrees of g lacia l  
influence. For basins p a r t i a l l y  occupied by ice he considered that the 
ear ly  g lac ia l  and g lac ia l  phases promote deposition. Late g lac ia l  and 
ear ly  in te rg la c ia l  phases promote erosion. Other in te rg lac ia l  times 
were considered to have fostered stable conditions for  stream channels.
The ver t ica l  convergence o f  the terraces downvalley indicates that  
aggradation was caused by increased sediment load from the upper drainage,  
probably during glacia l  advances.
Other terraces, preserved in t r ib u ta ry  valleys on the south side 
of the Missoula Basin, seem to have been graded to a surface approxi­
mately 30 m (100 f t . )  higher than the modern channel o f  the Clark Fork 
River.  Some of the most continuously traceable o f  these are the terraces  
above Deep Creek, which are formed on a dominantly co lluv ia l  f i l l  of 
possible Pleistocene age (see Fig. 13).
I t  is s ig n i f ica n t  to note that in the downstream d irec t io n ,  the 
Deep Creek terraces are divergent v e r t ic a l ly  from the modern channel, 
suggesting that an elevated base level influenced th e i r  formation.
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Figure 13- Stream terrace and channel p r o f i l e .  Deep Creek.
The difference in terrace morphology between Rattlesnake Creek and 
Deep Creek thus indicatesdifferences in th e i r  watershed's dynamics 
during the Pleistocene. I t  should be noted that the d is t inct ion  be­
tween outwash and alluvium shown or the map is somewhat a rb i t ra ry ,  
since much of the terrace alluvium may actual ly  be outwash from 
recessional glaciers or glaciations subsequent to that which l e f t  the 
transverse moraine. Terrace alluvium is ,  in general, better sorted 
than the outwash shown on the map, appears to have fewer large boulders 
and, in the lower portions of the drainage, is grayer.
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Erratics and L i t to ra l  Deposits
Boulders of Belt  rock, up to 1 meter in diameter l i t t e r  the 
surface of almost every h i l l s id e  in the lower portion of the Rattlesnake 
Drainage. Some of  these boulders seem to be concentrated in bands that  
p ara l le l  preserved strand!ines as on the west and east side of 
Waterworks H i l l  (E 1 /2 ,  Sec. 9, T.13N, R.19W; NE 1 /4 ,  NE 1 /4 ,  Sec. I t ,  
T.13N, R.19W). Their presence seems most eas i ly  explained by the 
mechanism of  ic e - ra f t in g  from a local g lac ia l  source. The l i tho log ies  
of  a l l  these e rra t ics  are indiginous to the Rattlesnake Creek drainage 
and some, such as the d is t in c t iv e  Pilcher quartz i te  o f  the Belt Super­
group lo c a l ly  outcrop only in the upper portions of the drainage. From 
the r e la t iv e ly  high concentration of these boulders in the lower portion 
of the drainage i t  seems probable that  one or more of the Rattlesnake 
glaciers calved into a g lac ia l  lake. In addit ion,  the prominent 
transverse moraine in Rattlesnake canyon l ies  at 1140 m (3740 f t . ) ,  
well below the 1341 m (4400 f t . )  elevation inferred fo r  the highest 
strand!ines. I f  the alpine g lacia l  advance which l e f t  the prominent 
Rattlesnake moraine was synchronous with any o f  the Bull Lake or possibly 
a l l  but the la tes t  of the Pinedale advances of the Cordilleran ice,  
the conclusion that there was interaction of the Rattlesnake glaciers  
and Lake Missoula seems mandatory.
During th e i r  various stands, the waters of the g lacial lakes s l ig h t ly  
reworked pre-existing deposits, concentrating and sorting sands and 
gravels along the strandlines. An exposure o f  one of these deposits
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was observed in a construction trench, approximately 300 m west of  
the drainage divide in the "saddle" of Mount Jumbo, (SE 1 /4 ,  SW 1 /4 ,
Sec. 12, T.13N, R.19W), at an elevation of approximately 1158 m 
(3800 f t . ) .  At th is  location 5-20 cm-thick beds o f  well sorted, l ig h t  
gray sand and pebble gravel were observed to l i e  unconformably on gray, 
l ig h t  yellowish brown and red Tert ia ry  un its ,  discussed previously. The 
gravel and sand are bedded in thin sheets lying approximately para l le l  to 
the contemporary land surface, and contain dominantly subrounded to sub- 
angular clasts of Belt  rocks. The sand and gravel deposit,  where observed, 
was less than 1.5 m thick and incorporated beds stained a l ig h t  red by 
s i l t  and clay,  apparently derived from s im i la r ly  colored Tert ia ry  deposits 
nearby. The deposit 's geomorphic posit ion, i t s  unconformity with under­
lying mater ia ls ,  the high degree of  sorting and the a t t i tude  of the 
bedding suggest that i t  is a Pleistocene shoreline deposit.
Sands and gravels, demonstrably l i t t o r a l  by th e i r  inclusion of  
and in varved lake s i l t s ,  can be observed in low-inc linat ion  (less than 
10®) deposits on the f loo r  of the Missoula Basin and in gu l l ies  in i ts  
north-central in te r io r  (NW 1/4, Sec. 9, T. 13,1, R19W and S 1 /2 ,  Sec. 6 , 
T.13N, R.19W). Gravels immediately uphil l  from these deposits appear 
to in te r f in g e r  with them, thereby indicating that they too are la te  
Pleistocene in age. In some of these deposits such as that in Sec. 9, 
above, beds of  moderately well sorted, reddish brown (5TY 5 /3 ,  moist) 
sand and gravel l i e  nearly para l le l  to the modern topography and include 
h or izonta l ly  continuous, 5-10 cm th ick ,  layers of s l ig h t ly  p last ic
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reddish brown {5YR 5 /4 ,  moist) sandy s i l t .  I t  is the author's b e l ie f  
tha t  some o f  the gravels and sands were reworked from underlying 
T e r t ia ry  or e a r l i e r  Pleistocene deposits by l i t t o r a l  processes 
associated with g lac ia l  Lake Missoula. The a t t i tu de  and style o f  the 
bedding suggest the deposit was washed down the r e la t iv e ly  steep (30*)  
h i l ls id e  in successive sheets, separated by minor unconformities.
The r e la t iv e ly  poor sorting of the sandy and gravelly  layers is to be 
expected on a steep slope where reworked gravels would have moved out 
of the zone of wave action quickly. The transience o f  individual lake 
stands would not have caused appreciable formation of beach ridges.
The continuous sheets of sandy s i l t ,  though unvarved, may represent 
su b l i t to ra l  accumulation in re la t iv e ly  calmer water during a trans-  
gressive interval in the lake's history. Repeated f luctuations of  the 
lake levels are indicated by the numerous preserved shorelines (Pardee, 
1910), and interpretat ions of the stratigraphy of  benthic sediments 
(Chambers and A l t ,  1971).
Permissive evidence for assigning a Pleistocene age to the surface 
gravels mentioned above and, by inference, to the s im ilar  su r f ic ia l  
gravels on Waterworks H i l l ,  is provided by a fossil  tooth, discovered 
in material excavated from a gravel p i t  in the NW 1 /4 ,  Sec. 9,
T.13N, R.19W. Id e n t i f ic a t io n  by Dr. R. W. F ie lds ,  University of 
Montana, (personal communication) established that the tooth (Left  Mg) 
belonged to a mid-Pleistocene Equus.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER IV
LATE TERTIARY AND QUATERNARY GEOMORPHOLOGY AND GEOLOGIC HISTORY
Relic t  Landforms
At the 1158 m (3800 f t . )  elevation there is a d is t in c t  concavity 
in the slope p ro f i le  of Mount Jumbo, a steep sided mass of Belt rock 
which forms the eastern drainage divide fo r  Rattlesnake Creek south 
of the Clark Fork Fault .  This same feature is somewhat better  pre­
served on Mt. Sentinel,  approximately 1.6 km (1 mile) to the south.
Above the concavity, drainages are strongly incised in the topography, 
to a depth o f  61 m (200 f t . )  or more. Below the concavity the same 
drainages have formed only g u l l ie s ,  incised to a depth of 6 m ( 2 0  f t . ) .  
Such d i f f e r e n t ia l  incision suggests that some form of sedimentary cover 
once existed to protect the lower portions of the slope while exposing 
the upper portions to erosion. Since the 1158 m (3800 f t . )  elevation  
corresponds closely to the break-in-slope a t  the top o f  the Tert ia ry  
bench remnants on both the southeast and northern margins of the Missoula 
Basin, i t  seems a reasonable hypothesis that  a s im ilar  bench once 
existed on the eastern margin of the Basin and the lower portion of the 
Rattlesnake drainage as wel l .  The p ro f i le  concavity might then be 
explained as r e l i c t  of a basal slope concavity, developed a t  the head 
of a desert fan complex as described by Carson and Kirkby (1972).  
Konizeski (1958) has demonstrated the probable existence of a desert
45
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environment in the B i t te r ro o t  Valley during Pliocene time. Whatever 
the age o f  the covering mater ia ls ,  preserved strandlines indicate that  
they were removed before la te  Quaternary time. A Pliocene age in te r ­
pretat ion for  the mid-slope p ro f i le  concavity demands that the old 
bench was eroded in the Pliocene or early-to-mid Quaternary,
Hypsometric analysis of the Rattlesnake Creek drainage (Figure 14) 
reveals a large land surface area between the 6000 and 7000 f t .  (1829 
and 2134 m) elevations. Reference to a 1:250,000 scale topographic map 
(Figure 10, p. 23) shows that much of  th is area is part of a low- 
incl ina t ion ,  ramp-like feature which includes both the Rattlesnake 
and neighboring Gold Creek drainages. The presence of other r e la t iv e ly  
low-inc linat ion  areas, at or near this elevation in the nearby mountains 
suggests that they and the Rattlesnake Creek-Gold Creek ramp may repre­
sent r e l ic ts  of an ancient erosion surface. Some of the theories about 
the formation and significance of preserved erosion surfaces have been 
summarized by Thornbury (1965). Due to the highly speculative nature 
of such geomorphic in te rp re ta t io n s , they w i l l  not be discussed here.
I t  should be noted however that the steep-sided incision which Rattlesnake 
Creek has cut in the mountain mass contrasts markedly with the topo­
graphy in the Gold Creek drainage and suggests that Rattlesnake Creek 
may have obtained i ts  headwaters by piracy of part of the Gold Creek 
drainage. From the extent of subsequent incis ion, such an event would 
have probably taken place in the Tert ia ry  or e a r l ie s t  Quaternary. This 
in te rp re ta t ion  is also highly speculative. Causitive factors are not 
apparent.
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Elevation Rel, Ht. Rel. Area
8 0 0 0 - 9 0 0 0 ' 1 .0 0 0 .0 0
7 0 0 0 -8 0 0 0 * .85 .11
6 0 0 0 -7 0 0 0 * .6 8 .45
5 0 0 0 -6 0 0 0 • . 5 1 .69
4 0 0 0 -5 0 0 0  * .54 .89
5 0 0 0 -4 0 0 0 * .1 7 1 .0 0
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* 4 , .
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relative area 
( after Strahler, 1957 )
Figure 14. Land area elevation d is t r ib u t io n .  Rattlesnake Creek 
watershed.
Geologic History
From the geology and geomorphology of both the Rattlesnake Creek 
drainage and the Missoula Basin, the following sequence of events seem 
to have occurred in the area during the la te  Tert ia ry  and Quaternary.
During an interval of time, te n ta t iv e ly  dated as Oligocene (McMurtrey 
and others, 1965), deposits of sandy gravel,  s i l t ,  c lay, volcanic ash 
and organics ( l ig n i t e )  accumulated on top of older Tert ia ry  sediments 
and an i r reg u lar  bedrock topography in the Missoula Basin. Drainage 
into the basin from the g ran i t ic  terranes of the Idaho or Boulder 
batholiths or associated intrusives is indicated by the presence of 
granite  and gneiss detr i tus  in these deposits.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
48
Prior to the Pliocene or early Pleistocene, a period of fau lt ing  
disturbed the e a r l i e r  T er t ia ry  rocks along the Basin margins, leaving 
some dipping as steeply as 70° (NE 1/4 ,  SE 1 /4 ,  Sec. 10, T.14N, R.20W). 
Following the fa u l t in g ,  in the Pliocene (McMurtrey and others, 1965),  
a deposit o f  sandy and s i l t y  gravel was la id  on top of the displaced 
T ert ia ry  rocks, thereby forming a d is t in c t  angular unconformity. 
"Open-work" type deposition, graded bedding, c u t -a n d - f i l l  structures 
and cross bedding are common in some of the gravels and suggest they may 
have originated as a l lu v ia l  fans of a now-eroded desert basin. Granite 
and gneiss detr i tus  have not been detected in th is  material and i t s  
absence indicates e i th er  a local source for  the gravel or i ts  derivation  
from older ,  reworked deposits.
Evidence of la te  Tert ia ry  and probably Pleistocene fau lt ing  is 
abundant in the Missoula Basin. Between Rattlesnake Creek and Grant 
Creek several gravel-capped ridges of T ert ia ry  deposits (NW 1/4 ,  Sec. 5, 
SW 1/4 ,  Sec. 4, T.13N, R.19W, not shown on the map) show an abrupt 
r ig h t - l a t e r a l  o f fs e t  in th e i r  otherwise SSW-NNE trend. The distinctness  
of the f a u l t  zone, preserved in re la t iv e ly  sort m ater ia l ,  suggests i ts  
youth. Further west, along the northern margins of the Missoula Basin, 
in the v ic in i t y  of Ninemile Creek (T.15 and 16N, R.22 and 23W), the 
topography shows that stream va l leys ,  cut in Belt rocks north of the 
Clark Fork Fault ,  make an abrupt jog to the west and decline in gradient  
as they cross the fa u l t  zone. By comparing the alignment of wel l -  
developed valleys in the Tert ia ry  basin rocks, with the upper portions
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of these valleys in the Belt  rocks, i t  appears that 0.9 to 1.6 km 
( 0 . 6  to 1 . 0  m i . )  of r ig h t - la te r a l  o f fs e t ,  combined with an undetermined 
normal component of f a u l t  movement has occurred since the end of  
T er t ia ry  deposition.
During the Quaternary, incision of the Tert ia ry  deposits removed at  
least  150 m (500 f t . )  of material from the center of the Missoula Basin. 
Some of th is  material probably included deposits from e a r l i e r  glaciations.  
Alden (1953), Richmond and others (1965) and Weber (1972) have recognized 
as many as four successive g lacia l  deposits in northern Idaho and western 
Montana. Established by the presence of soils developed during in te r ­
g lac ia ls  or in te rs ta d ia ls , the depsits are considered to be pre-  
Wisconsin ( I l l i n o i a n )  and Wisconsin in age. In chronological sequence 
the advances have been named early and la te  Bull Lake and early and la te  
Pinedale by Richmond and others (1965). Weber (1972) working on the 
glaciations of the B it te r roo t  Mountains delineated three glacial deposits 
which are ten ta t ive ly  correlated with Richmond's Bull Lake, Pinedale 
and an e a r l i e r  Sacajawea Ridge g laciat ion.
Recent studies in the West Yellowstone area have shown that the 
ages for  Pinedale terminal moraines are about 20,000 to 35,000 years 
(Wisconsin) while those of the Bull Lake moraines are 130,000 to 
150,000 years ( la te  I l l i n o ia n )  (Pierce and others, 1976).
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Climatic Factors and the Extent of Glaciation
The presence of t i l l  at and near the Rattlesnake Creek-Gold Creek 
divide indicated that at one time glacia l  ice flowed between the two 
drainages. T i l l  in the Gold Creek drainage appears to be of two d i f fe re n t  
ages and indicates ice flowed to within 2 km of the Blackfoot River.
The or ientat ion  of  glaciated valleys which drain the Rattlesnake 
highland indicate that ice must have flowed in a l l  d irections from i ts  
area of maximum elevation. Because of th is i t  seems reasonable to 
re fe r  to the coalescent g laciers as a local ice cap, an arm of  which 
constituted the Rattlesnake Glacier.
Richmond (1965, Figure 2) provides a graphical presentation of the 
average elevations of Pleistocene end moraines in the Rocky Mountains.
From th is  one can note that the average elevation fo r  early Bull Lake
and Pinedale moraines at 47° la t i tu d e  is approximately 1433 and 1524 m 
(4700 and 5000 f t . )  respectively. Apparently the g lac ia l  advance which 
l e f t  the transverse Rattlesnake moraine was not average, since the 
moraine was deposited a t  approximately 1140 m (3740 f t . ) .  The logical  
inference to be derived from th is  is that g laciat ion in this drainage 
was more intense than in other drainages at the same la t i tu d e .  Some of 
the factors which might have contributed are l is ted  below.
1) The Rattlesnake Mountains lay at or near the southernmost 
extension of Cordilleran ice sheet in the Rocky Mountain 
Trench. I f  one neglects some northward flow as a d is ­
tinguishing feature, the Rattlesnake g lac ier  was probably the
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southernmost extension of that ice. The cl imatic  influence 
of katabatic winds from the Cordilleran ice should have 
depressed the local orographic snowline and increased the 
area avai lab le  fo r  f i r n  accumulation.
2. The presence of g lacia l  Lake Missoula would have increased 
local p rec ip i ta t ion  by increasing the amount of atmospheric 
water vapor. Presumably this and the e f fe c t  of proglacial  
climate would have affected the B i t te r ro o t  Mountains as well .  
Weber (1972) places Pinedale equivalent moraines in the 1189 
to 1219 ni (3900 to 4000 f t . )  elevation range, seemingly 
corroborating th is  hypothesis.
3) Physiographically, Rattlesnake canyon has been incised into  
the dissected highland described previously. Using a 
conservative estimate of the elevation o f  the ice necessary 
for  flow into the west fork of Gold Creek, the average 
gradient on the ice surface, when the transverse moraine 
was formed, would have been approximately 11%. In contrast.  
Roaring Lion and Lost Horse canyons in the Bitterroots  
would have only required a 4% ice gradient to produce th e i r  
end moraines i f  one assumes the canyons were f i l l e d  to the 
elevations of the mouths of the cirques closest to the 
B it te r ro o t  Valley. Obviously factors such as d i f fe r ing  
aspect and valley configurations prohibit  rigorous comparison 
between these drainages and the Rattlesnake. However, i f  one
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considers that both the B i t te r ro o t  and Rattlesnake glaciers  
formed under comparable cl imatic regimes, in valleys with 
roughly s im ilar  cross sections, the steeper ice gradient 
and probably a greater flow ve loc ity  would require a more 
extensive wasting area for  the Rattlesnake g lacier to 
maintain i ts  mass budget. This is p a r t ic u la r ly  true since 
the Rattlesnake g la c ie r 's  accumulation area was larger.
In fe re n t ia l  evidence exists to support the hypothesis that the 
transverse moraine in Rattlesnake canyon does not represent the furthest  
extent of the local g lacia l  ice. The t i l l  and exotic e r ra t ics  in the 
small,  c i rqu e- l ike  feature on the north canyon w a l l ,  2.4 km (1.5 mi.)  
upstream and 488 m (1600 f t . )  above the moraine indicates the presence 
of g lac ia l  ice. I f  the canyon had been f i l l e d  with ice to th is  e levation,  
the slope on the ice necessary for  the g lac ier  to have terminated in the 
v ic in i t y  o f  the moraine would have been 18 percent. In the absence of  
any substantial constriction in the canyon's cross-section that would 
have caused a compression-extension type of flow (Embleton and King, 1968), 
extensive calving into lake waters, or extension of the g la c ie r ,  beyond 
the transverse moraine, seem most probable. Corroborative evidence 
for  a greater extension is found in s tr ia ted  e rra t ics  included in 
co l lu v ia l  material a t  the 1402 m (4600 f t . )  elevation on Strawberry 
Ridge, SW 1/4 ,  NW 1/4 ,  Sec. 24, T.14N, R.19W. Both hypotheses can ex­
p la in  the presence of the large volume of material beneath the uppermost 
outwash terrace and i ts  high gradient.
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CHAPTER V
THE MODERN STREAM CHANNEL AND ITS HYDROLOGIC REGIMES
Structural Influence on the Drainage Pattern
As the Pleistocene geology and geomorphology re f le c t  some of  the 
past processes active in the Rattlesnake Creek drainage, so the modern 
stream channel re f le c ts  the watershed's contemporary dynamics. The 
modern drainage net is best described as a t r e l l i s ,  p re fe re n t ia l ly  
developed along two major trends, i l lu s t ra te d  by the drainage net tracing  
and attendant rose diagram in Figure 15. To prepare the rose diagram, 
the downstream direction of a l l  channels shown on a 1:24,000 scale map
were measured as a series of discrete sections, 250 m in length. Each
of these sections was assigned to a 1 0 ° class in te rv a l ,  and the total in 
each interval summed. This tota l  was plotted ra d ia l ly  from the center.  
Comparison with the equal area p lot  of poles-to-bedding of the Pre- 
cambrian and Cambrian rocks in the central part of the drainage, 
provided by Figure 16, suggests a structural  relationship by trending 
at r ig h t  angles to the dominant s t r ik e  of the bedding in the pre-Tert ia ry  
rocks. F ield observation on most traverses noted an apparent trend of 
jo in t in g  along str ikes of 320-140° and 050-230°, para l le l  to the dominant 
alignment of the stream channels. An inspection of  1:250,000 scale 
topographic maps and ERTS immagery (not included in th is report)  
suggests that stream valleys near the northeast margin of the Idaho
53
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Figure 15. Drainage net and channel or ientat ion diagram. 
Rattlesnake Creek watershed.
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N
Figure 16. Equal-area plot of poles to bedding, 
(Secs. 22,23,24,25,25,T14N,R19W and 
Secs. 14,17,18,19,20,30,T14N,R18W) 
data from Nelson and Dobell (1961).
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b ath o l i th ,  in the v ic in i t y  of Missoula, form a pattern that is generally  
radial  and concentric to the batholith  though obviously modified by 
subsequent structural events. The stream channel orientations in the 
Rattlesnake drainage also seem to manifest th is  pattern.
Background for Channel Morphology-Discharge Relationship
I t  has been established that natura l ly  equil ibrated streams tend 
to have a recurrence interval for  bankful 1 discharge that varies be­
tween 1 and 2 years, with an average close to 1.5 years (Leopold,
Wo 1man and M i l l e r ,  1964). As a re su l t ,  estimates of bankful 1 discharge 
are a re f le c t io n  of the channel's response to a s t a t i s t i c a l l y  definable  
runoff event. Therefore, in any one drainage, comparison of bankful 1 
discharge at d i f fe re n t  locations, i f  corrected for  size differences of 
the d i f fe re n t  sub-drainages, w i l l  r e f le c t  differences in the sub-drainage's 
runoff c h a ra c te r is t ic s . Bankful 1 discharge is ,  however, d i f f i c u l t  and 
expansive to measure by d irect  methods. A less precise though useful 
method is the ind irect  estimation of discharge by a careful survey of  
the channel's cross section and bankful 1 water surface gradient. By 
also estimating and employing a roughness c o e f f ic ie n t ,  the bankful 1 d is­
charge can be calculated using the slope-area method outlined by Boyer 
(1964). For metric units this method re l ie s  on the modified Manning 
equation shown below.
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Eqn. 1
in which:
3
Q = discharge in meters /second
R = hydraulic radius in meters (approximated 
by mean depth for  shallow parabolic 
channels)
S = slope of  bankful 1 water surface
n = Manning's roughness c o e ff ic ie n t
2
A = cross-sectional area in meters
Field Data Collection and Development
To employ the contemporary channel morphology to d i f fe re n t ia te  
the hydrologie properties of d i f fe re n t  sub-drainages of the Rattlesnake 
Creek watershed, a program of f i e ld  data collection was undertaken in 
October o f  1975. Equipment was provided by the University of Montana, 
and vehicular ^ e s s  authorized by the Missoula Ranger D is t r ic t  of the 
Lolo National Forest. Three sites were chosen for survey at widely 
spaces intervals along the creek and numbered as shown in Figure 17 
with areas represented in Figure 10. Sites were chosen which seemed 
representative o f  the surrounding reaches, had reasonably well defined 
channel boundaries, afforded reasonably easy access, and reasonably clear
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Figure 17. Longitudinal p r o f i l e .  Rattlesnake Creek.
sites for  surveying instruments. A t r a n s i t ,  rod and tape were the 
primary instruments used. Two cross-sectional surveys were performed 
at sites 1 and 3, at intervals  s l ig h t ly  over 100 meters apart.  Only 
one cross section was surveyed at s i te  2. Longitudinal profi les of the 
channel bottom and water surface were obtained at a l l  three, along with 
estimates of the slope of the bankful 1 water surface. A steel tape 
was stretched across the stream to provide ca l ib ra t ion  for cross sections 
while the s tad ia - in tercept  method was used to produce the longitudinal
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p ro f i le s .  Bed armor size was sampled a t  a l l  three sites to note any 
trends in i ts  variation and to increase the accuracy of estimating 
Manning's n. Procedures fo r  the method used are described in Leopold 
and Skibitzke (1967). The sizes of the drainages above each study s i te  
were determined from a map, using a compensating polar planimeter. The 
data are presented in Table 2. Channel prof i les  are presented in 
Appendix 2 .
Using the f i e ld  data, bankful 1 discharge estimates were produced for  
four cross-sections using the slope-area method. Manning's n was 
estimated fo r  each cross-section by reference to U.S.G.S. Bu l le t in  1849. 
Corroboration for the estimates was provided by comparing the rat ios of 
the 84th percenti le  (84% smaller) bed armor s ize ,  to bankful 1 depth, 
with those presented in Bull .  1849. To accommodate a range of error  in 
estimating n, values .010 of the favored values were used to establish  
a range of possible discharges. When reviewing the data i t  should be 
noted that the number of apparently s ig n i f ica n t  figures are a r e l i c t  of 
the processes involved in modeling and do not imply s imilar  precision 
in the estimates. The data and estimates are presented in Tables 2 
and 3. Channel p ro f i les  and cross sections are in Appendix B.
Regional Data Acquisition and Development
In order to evaluate the hydrodynamic properties o f  the Rattlesnake 
Creek watershed in a regional context, data on 13 regional streams, 
including a l im ited amount of gaged data collected near the mouth of
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Table 2. Hydrologie Data Summary
Type of data Site 1 Site 2 Site 3
bankful 1 water surface 
slope at x-sctn.
.0230 
(1 .31°)
.0359
(2.06°)
.0100
( .5 7 ° )
.0081
( .46 ° )
x-sctn 1 
x-sectn 2
cross section area 
at bankful 1 (mr)
14.49
22.1
15.01 17.86
19.75
x-sectn 1 
x-sectn 2
bankful 1 depth (m) .69 .38 .89 x-sectn 1
.74 .91 x-sectn 2
width/depth ra t io 41 103 23 x-sectn 1
39 22 x-sectn 2
bed armor (cm) 12 10 10 0.50
21 14 25 0.84
14 10 16 Avg.
9 5 18 Std. Oev.
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Table 3. Discharge Estimates
A D (m) S n
Site area (mr) depth slope ( e s t . ) Q (c fs . ) V ( f . p . s . )
S ite  1 14.49 .69 .023 .085 714 4.6
.075 809 5.2
.065 934 6 . 0
Site 2 15.01 .38 .0359 .070 757 4.7
.060 883 5.5
.050 .060 6 . 6
Site 3 17.86 .89 . 0 1 0 .070 .834 4.3
x-sctn 1 .060 .073 5.1
.050 1168 6 .1
Site 3 19.75 .91 .0081 .070 841 4.0
x-sctn 2 .060 982 4.6
.050 1179 5.5
Q = A ij2/3 3 I / 2
n
Rattlesnake Creek, were obtained from records of the U. S. Geological 
Survey, stored on magnetic tape (see Appendix C). U t i l iz in g  the 
University  o f  Montana's computer f a c i l i t y ,  yearly peak flow data were 
plotted as Log Pearson Type I I I  p robabi l i ty  d is tr ibut ions.  By in te r ­
polating 1 . 5  year discharges from these plots as representative of  
bankful 1 discharge, the data, including those fo r  Rattlesnake Creek, 
were plotted with basin size as shown in Figure 18. A regression l in e
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was f i t t e d  to the data by a logar ithmical ly  transfored, least squares 
method. Discharge estimates from the f i e l d  data were plotted on this  
graph as w e l l ,  with the average estimates fo r  each n plotted as the 
upper, preferred, and lower values at each s i te .
Implications
Much of Rattlesnake Creek's channel, p a r t ic u la r ly  in those reaches 
surrounding the study s i te s ,  is established in r e la t iv e ly  poorly sorted 
g la c io - f lu v ia l  debris. Due to the a v a i l a b i l i t y  of unconsolidated rock 
materials o f  varied sizes, and an apparent lack of confinement by 
bedrock at the study s i te s ,  the channel's shape has probably been 
equil ibrated  to the component sub-drainage's hydrologie regime. The 
combination of f i e ld  data and gaged data, shown in Figure 18, indicates 
that a t  bankful 1 stage at s i te  3, the creek discharges nearly twice 
the quantity of water that the regionally  established trend suggests i t  
would i f  i ts  runoff character is t ics were "average". The estimated bank- 
f u l l  discharges at sites 1 and 2 are proportionally higher s t i l l .  The 
slope-area estimates fo r  the three sites are reasonably consistent with 
each other,  and with the gaged data, and thereby indicate confidence in 
the estimating technique.
From the unexpectedly high values for the bankful 1 discharge at  
s i te  1 , i t  appears that i t  is the upper portion of the drainage, above 
that  s i t e ,  which contributes the largest portion of the flow in terms 
of discharge per unit  area. While many factors undoubtedly contribute
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to th is  condition, three important ones are l is te d  below:
1) A large land surface area in the upper portion of 
the drainage as shown in Figure 14.
2) A tendency for p rec ip i ta t ion  quantity to be 
a l t i tu d e  s t r a t i f i e d  and greater at higher elevations 
(see Soil Conservation Service, 1974).
3) A steep, rocky, shallow-soil  environment which allows 
rapid runoff.
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CHAPTER VI 
SUMMARY AND CONCLUSIONS
The observations and data presented in this study have delineated  
certa in  aspects of the Rattlesnake Creek watershed's geology, morphology, 
and hydrology. Considered as a whole they re f le c t  a set of conditions 
which are unique and therefore require special consideration from both 
academic and management perspectives.
Geologically the watershed comprises faulted and fractured meta­
sediments which are covered to varying degrees by T er t ia ry  and Quaternary 
deposits. Most of the T ert ia ry  deposits are d is t in c t  in containing 
volcanic ash and p last ic  clays derived from them, and in having a d is ­
continuous mantle of sand and gravel.  Quaternary deposits vary con­
siderably and include t i l l ,  fans, outwash, alluvium, colluvium, land­
slides and other mass movement deposits. The geology and geomorphology 
indicate that  Tert ia ry  landscapes were dissected by fau lt ing  and sub­
sequent erosion. Alpine g laciers during the Quaternary probably advanced 
and retreated a t  least three times. During at least one advance ice 
f i l l e d  the highland of the Rattlesnake Creek watershed and flowed into  
Gold Creek. A tongue of th is  ice moved down the Rattlesnake canyon 
to a point below that which was considered i ts  terminal moraine by 
previous workers. During the Holocene, aeolian materia ls,  including 
volcanic ash, added a s u r f ic ia l  layer to the soil p ro f i le .
65
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Morphologically the watershed has a disporportionately large 
land area in i ts  upper elevations. The drainage pattern appears to 
be p a r t i a l l y  controlled by the structure of the pre-Tert iary  sediments. 
Remnants o f  former landscapes may ex is t ;  as the highland in the upper 
watershed, as slope p ro f i le  concavities in the lower watershed, and as 
outwash and a l lu v ia l  terraces in the va l ley  bottom. Morphologic evidence 
indicates Tert ia ry  basin deposits have a propensity fo r  mass fa i lu r e  as 
do some steep bedrock slopes in Rattlesnake canyon.
Hydrologically,  the watershed is characterized by re la t iv e ly  high 
peak discharge per unit area and a disproportionately large amount is 
contributed by the upper portion of the drainage. A pronounced nick 
point in the Creek’ s longitudinal p ro f i le  indicates a contemporary 
disequil ibrium o f  the stream's channel caused by a post-glacial land­
s l ide .
The study suggests some important considerations fo r  anticipated  
land use within the watershed.
1) Tert ia ry  sediments in the lower portion of the watershed 
are r e la t iv e ly  unstable and should be evaluated for  
mass fa i lu r e  p o tent ia l .
2) Clay-rich T er t ia ry  units underlie gravelly and sandy 
deposits at some locations, and may cause hydrologie 
l im ita t ions  to land use.
3) Glacial t i l l  in the upper watershed is unconsolidated and 
contains substantial quantit ies of s i l t .  When disturbed
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th is  material is eroded eas i ly  and w i l l  probably 
degrade water qua l i ty .
4) Some of the oldest t i l l s  and small sedimentary basins 
appear to manifest soil p ro f i les  which could provide 
s ig n i f ica n t  information on the c l imatic and glacia l  
history of the area.
5) The aeolian soil  horizon which mantles portions of 
the drainage is p a r t ic u la r ly  subject to erosion when 
disturbed and may be important to the f e r t i l i t y  of 
the soi 1 .
6 ) Local water tables usually l i e  a t  shallow depths in the 
alluvium on the val ley  bottom.
7) Comparison with regional data indicate the watershed
has excellent properties as a prec ip i ta t ion  catchment and 
a tendency to produce high flood discharges.
8 ) Jointing and steep slopes in the upper canyon may 
predispose th is  area to rock fa l1 -type mass fa i lu r e .
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APPENDIX A 
X-RAY DIFFRACTION PATTERNS
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X-ray diffraction patterns. Franklin Guard Station depth 30 cm
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X-ray diffraction patterns, Shoofly Meadows depth 21 cm
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APPENDIX B 
STREAM CHANNEL CROSS SECTIONS
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Cross-section #1 , Site #3, view upstream, units 
are meters; SW 1 /4 ,  SE 1 /4 ,  Sec. 19, T.14N, R18W
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Cross-section #2, Site #3, view upstream
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Cross-section, Site #2 , view upstream, units are 
meters, SW 1 /4 ,  NW 1 /4 ,  T14N., R18W
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Cross-section #1, Site #1, view upstream, units 
are meters; SE 1 /4 ,  SE 1 /4 ,  Sec. 27, T15N, R18W,
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Cross-section #2, Site #1, view upstream
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APPENDIX C 
LIST OF GAGE SITES USED
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85
Stations Used
Gage Locati on
U.S.G.S. Station No,
I .D .  used
Basin Area 
(mi^)
F l in t  Creek at Maxvi l le ,  MT
Boulder Creek at Maxvi l le ,  MT
Mid. Fork Rock Creek 
near Ph i l l ipsburg ,  MT
Nevada Creek near Finn, MT
Blackfoot River near Bonner
Clark Fork a t  Missoula, MT
West Fork of B i t te r ro o t  River
B it te r ro o t  River near Darby, MT
Skalkaho Creek near Hamilton, MT
South Fork of Flathead River 
near Hungry Horse, MT
Sull ivan Creek near 
near Hungry Horse, MT
Swan River near Bigfork, MT
Prospect Creek at  
Thompson F a l ls ,  MT
Rattlesnake Creek at Missoula, MT
12329500
12330000
12332000
12335500
12340000
12340500
12342500
12344000
12346500
12359800
12361000
12370000
12390700
12341000
208
71
123
116
2290
5999
317
1049
878
1160
71
671
182
80 "7 ;■
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